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I. Introduction
The quality and cost of care in nursing homes depend critically on the number and types of nurses (Castle 2008; Zhang and Grabowski 2004; Spilsbury et al. 2011; Backhaus et al. 2014; Dellefield et al. 2015) . Therefore, an important question for policy is what determines both the demand for nurses and the supply of nurses. Health-care providers are increasingly being held accountable for the quality and cost of care, and nurses will play an important role in how providers are judged and rewarded under value-based payments (Das et al. 2016) . Public and private sector efforts have attempted to grow the nursing supply (Johnson & Johnson 2017 ; Institute of Medicine 2011), including policies that have focused on minimum staffing levels (Assembly Bill 394 1999) and whether to accredit new schools of nursing (Buerhaus, Auerbach, and Staiger 2014) .
Recent research has proposed new ideas about how the number of employed nurses adjusts to macroeconomic conditions in ways unrelated to minimum staffing levels or the number of nursing school graduates. This line of research was originally motivated by Ruhm' s observation that population health improves during recessions. Over a series of papers Ruhm documented that total mortality across the population is inversely correlated with unemployment rates (Ruhm 2000 (Ruhm , 2003 . More recent research finds that this relationship has changed over time, specifically that the decline in mortality with increased unemployment rates has become smaller and not statistically significant in recent years (Ruhm 2015; Böckerman et al. 2015) . Nonetheless, Ruhm's original observations motivated research that more generally explores the relationship between population health and macroeconomic conditions in ways that remain relevant despite attenuation of the original finding. One line of research has examined this relationship across a number of population groups, including those at prime working age but also in older age groups (Ruhm 2000 (Ruhm , 2003 and infants (Dehejia and Lleras-Muney 2004) . Given that the effects are seen for segments of the population not typically in the labor force and that the magnitude is too large to derive only from working-age adults, it is hypothesized that mortality changes stem from other mechanisms that fluctuate with unemployment. Explaining the mechanisms behind procyclic mortality has motivated another line of research, including our own.
One prior paper has addressed the question of the mechanism of procyclic mortality. Stevens et al. (2015) use state-year panel data models and find that own-group employment-to-population ratios are not positively correlated with mortality within groups of men and women who are 25-44 years old, 45-61 years old, and older than 62. They also find that nursing home deaths among those age 65 years and older account for the total cyclic variation in mortality. They posit that nursing homes' contribution to cyclic variation in mortality is driven by countercyclical staffing in nursing homes. That is, nursing home staffing improves when the economy falters, driving reductions in nursing home deaths. Using nursing home staffing data from the Online Survey, Certification, and Reporting (OSCAR) system from 1990 to 2006, Stevens et al. (2015) find that as the state unemployment rates rise, the number of nurses working in a nursing home in that state rises as well. They estimate that a 1 percentage point increase in the unemployment rate raises full-time employment of nurses and aides by about 3 percent. Based on this, they suggest that when the unemployment rate rises, the number of nurses in nursing homes improves to such a degree as to explain the decline in mortality rates observed among the elderly.
Our research extends this literature, taking into account both supply and demand of all direct-care staff including nurses and nurses' aides, whereas prior work has ignored the fact that macroeconomic conditions also affect demand for nurses. We provide a conceptual framework for how changes in the macroeconomy could affect both the supply and the demand of nursing care. In particular, our framework explains why the macroeconomy affects demand, which in turn affects revenues, and builds on the discussion of supply in the prior literature. When unemployment rises and the supply of nurses increases, nursing homes will shift staffing to respond to both greater supply of nurses and lower demand (lower revenues) for nursing home care.
We argue that the effect of macroeconomic conditions on nursing demand is not simple, direct, or homogeneous for all types of providers and direct-care staff-the macroeconomy affects the different types of staff within nursing homes differently. The change in the supply of direct-care staff may also differ by the unemployment rate. We expect heterogeneity in the response to the unemployment rate-both by types of nurses and by types of providers. Heterogeneity is an important and interesting part of this story.
The main empirical research question is the following: How does the macroeconomy (as measured by the unemployment rate) affect the net direct-care staffing rates in nursing homes, considering that the effect may vary across types of nurses and types of facilities? We exploit the wide variation in the unemployment rate across counties and over time during and use data on direct-care staffing in California nursing homes.
Our paper has several innovations. It lays out a conceptual framework of how unemployment affects direct-care staffing levels through both changes in supply and demand, and how that effect may be heterogeneous across types of staff in nursing homes and across types of nursing homes. The conceptual framework motivates the empirical work, which tests how staffing changed in nursing homes as a function of the local unemployment rate. We analyze the best available data on staffing in California, combined with data on countylevel unemployment rates. We also conduct a sensitivity analysis using a national sample of nursing homes.
Our results are largely consistent with our conceptual framework, although different from results found by Stevens et al. (2015) . In general we find that during economic downturns, nursing homes do not change total employment of nurses, but shift from more expensive registered nurses (RNs) to less expensive licensed practical nurses (LPNs). At the same time, they experience a decline in net revenues.
II. Background on Nursing Homes and Staffing
Individuals reside in nursing homes for assistance with long-term-care needs, which typically arise from degenerative cognitive and functional impairment. Many nursing homes also provide short-term rehabilitative or post-acute care for patients who need assistance with the transition between a hospital stay and a return home. Nursing home care is typically paid by one of three main sources: Medicaid, covering 63 percent of residents on average; Medicare, covering only post-acute care for 14 percent of residents on average; and private resources, covering 23 percent of residents on average, all based on 2014 statistics (Kaiser Family Foundation 2015) .
Nursing homes employ a mix of three main direct-care staff types: registered nurses (RNs), who typically have at least a bachelor's degree; licensed practical nurses (LPNs), who typically complete an associate's degree; and nurse aides, who are generally minimum-wage workers without postsecondary education or formal nurse training. RNs command higher wages than LPNs (and than nurse aides). RNs observe, assess, and record resident symptoms and progress, overseeing the work of nurse aides and LPNs. RNs also collaborate with physicians in treatment, administration of medications, and development of care plans. LPN responsibilities often include administering medication, charting in the medical record, taking vital signs, and performing wound care (Assisted Living Today 2017) . While the scope of practice regulations varies somewhat from state to state, LPNs are generally more limited in what they are allowed to do and must practice under supervision of an RN. At the same time, there is some overlap in potential duties and thus the potential for substitution, and duties often look similar for RNs and LPNs in nursing homes (Burger et al. 2009 ). Finally, nurse aides provide the majority of direct care to residents. This care consists primarily of helping residents with activities of daily living (ADLs) such as eating, dressing, bathing, toileting, and walking (Cawley, Grabowski, and Hirth 2006) .
Nursing homes face federal and state regulatory requirements to have a minimum RN presence in the facility and must employ sufficient staff overall to meet care needs, but have some flexibility as to staff mix. For example, nursing homes face federal regulatory requirements to have an RN for at least eight consecutive hours per day and one RN or LPN for the remaining 16 hours. California nursing homes with 60 or more beds must additionally have one full-time RN as the director of nursing (Harrington 2010) .
Although there is some substitutability among types of staff in nursing homes, the mix of staff is likely to affect quality. Specifically, a substantial literature associates more RN hours, or more RN hours as a proportion of total staff hours, with better patient outcomes as measured by various process and outcome indicators. Examples include improved survival and better functional status (Cohen and Spector 1996) , fewer pressure sores (Cohen and Spector 1996; Horn et al. 2005; Konetzka, Stearns, and Park 2008) , fewer urinary tract infections (Horn et al. 2005; Konetzka, Stearns, and Park 2008) , and fewer hospitalizations (Horn et al. 2005) . Consumers appear to recognize the importance of staffing as a determinant of quality when choosing a nursing home (Konetzka and Coca Perraillon 2016) . Thus, nursing homes face incentives to maintain adequate staffing in order to maintain quality and to attract consumers in addition to meeting regulatory requirements.
III. Review of Relevant Literature
Our conceptual and empirical approach is informed by prior literature on labor supply and demand for nursing home services in response to macroeconomic changes. First, there is evidence to support the idea that changes in nurse labor supply are driven by recessions. During an economic boom, work in a nursing home may be seen as less desirable than work in other settings or than leaving the labor force, because of stress and shift work or because of better alternative opportunities (Hanel, Kalb, and Scott 2014) . During a recession, however, nurses may increase their nursing labor supply either because of direct loss of non-nursing jobs or because of the added-worker effect, which stipulates that the labor supply of one spouse increases when the other spouse loses a job (Stephens 2002) . Starting with the direct effect, consider someone with a nursing background who is working in a non-nursing job but then loses her job during a recession. In a recession, as other types of jobs disappear or cut back on hours, those with a nursing degree will be more likely to rejoin the labor force as a nurse (Buerhaus, Auerbach, and Staiger 2009 ). The labor economics literature has documented that displaced workers on average lose wages and earnings not only in the short run but also in the long run (Elsby, Shin, and Solon 2016; Krolikowski 2017) . The effects are strongest for early career workers who may not yet have found the best match for their skills. Therefore, a person with a nursing background has a great advantage during a recession compared with an otherwise similar person with no nursing background in that the nurse has more options for a new job. Although there is typically downward wage rigidity within the same job, displaced workers often take a new job at a lower wage (Elsby, Shin, and Solon 2016) .
The added-worker effect, whereby one spouse increases labor supply after the other loses a job, is the second important way that nursing supply could change during a recession. Using the Current Population Survey, Buerhaus et al. (2009) show that trends in nurse employment increased during two recent recessions. The authors speculate that this is motivated in part by anticipated declines in spousal income during recessions, when the spouse loses (or fears losing) a job, or is forced to cut back on hours. In short, as other jobs disappear, the labor supply of nurses can increase as people come out of retirement, are willing to increase their hours, or in the longer run, get more education and training.
In the general population, evidence for an added-worker effect is weak (Maloney 1991; Stephens 2002) . However, an added-worker effect for nurses in particular is supported by empirical economic research (Nicholson and Propper 2012) . A 2003 review of the nurse labor supply literature found that a number of studies documented that a spouse's wage and household income are negatively associated with a nurse's labor force participation (Antonazzo et al. 2003) . The added-worker effect has been posited to be stronger for nurses than for other types of professions, in part because health-care jobs are seen as less vulnerable to recessions and in part because the majority of RNs are married women who might move in and out of the labor force in response to the spouse's employment status (Staiger, Auerbach, and Buerhaus 2012) . Stephens (2002) finds that high-income families have much stronger added-worker effects than low-income families, but also points out that theoeretically the result could go either way and it is an empirical issue. A person with a nursing background, including training to be an LPN or aide, is in a much stronger position to seek employment than a person who lacks such training.
Research on the nursing workforce may not apply equally across all categories of direct-care staff. Studies of the labor supply of nurse aides are scarcer than for licensed nurses, but evidence also suggests that local economic conditions have a significant effect on nurse aide turnover and retention in nursing homes similar in direction to that for nurses (Stone and Wiener 2001) . The supply of nurse aides may increase as workers shift from nonhealth sectors more affected by a recession (such as childcare or retail or manufacturing) to health care. These shifts may be more pronounced for LPNs and nurse aides because they earn lower wages than RNs and their education (especially for nurse aides) is not as sector-specific. Thus, increases in the wage rate for nursing home work during a recession are even more likely to elicit additional participation by LPNs and nurse aides than for RNs.
Empirical evidence is consistent with heterogeneity by nurse type. Hanel, Kalb, and Scott (2014) found that the nursing supply elasticity varies by education-specifically that nurses with higher education have more inelastic supply. A recent economic analysis of California data found that RN employment fell slightly during the recession of 2008-10 but increased slightly during the recovery (Yoo et al. 2017) . However, the responsiveness to unemployment does not appear to be the same for LPNs and aides as for RNs. Baughman and Smith (2012) show that direct-care workers in nursing homes are more responsive and have longer duration of employment when the unemployment rate is high. One of the contributions of our study is to capture this heterogeneity, comparing changes in nursing home employment for RNs, LPNs, and aides separately in response to changes in the economy.
For all categories of staff, the outward shifts in labor supply during a recession may be mitigated by the availability of unemployment insurance; however, the broader literature on unemployment benefits has generally found these effects to be small-neglible for unemployment status and effectively zero for labor force participation (Figura and Barnichon 2014) . Given these small effects and the empirical evidence on the increased supply of nurses during recessions, we can think of the net increase in supply of nurses during a recession as positive.
In theory, wages should fall during a recession as the supply of unemployed nurses increases; however, empirical evidence supporting this theory is mixed. Studies testing this theory have been limited by empirical difficulties in identifying the relationship between economic cycles and wages (Antonazzo et al. 2003) . Additionally, wage rates may be "sticky, " or slow to respond to changes in the economic cycle. The wages of workers who remain employed may stay the same or even grow during a recession rather than falling with the general decrease in demand for labor. In our study, we do not have data on wage rates and instead focus on the net effect of changes in the supply and demand for direct-care staff on the resulting staffing ratios in nursing homes.
A second area of literature pertinent to our approach is the evidence on health-care demand during recessions, as we posit that recessions also affect nursing home staffing through this channel. Because typical users of nursing home care are elderly and not in the labor force, recessions are unlikely to affect demand for nursing home care through changes in wages. However, empirical evidence points to two other mechanisms: asset shocks and the availability of informal care. Surveys of the elderly found that during the Great Recession, spending by the elderly on health care declined on the order of 10 percent (National Research Council 2011) and that the elderly felt substantially worse about their asset position than other segments of the population (Petev and Pistaferri 2012) . Similarly, a recent study finds evidence of both increased informal care and decreased purchase of formal care among older adults during the European Great Recession (Costa-Font, Karlsson, and Oien 2015) . Thus, evidence supports several mechanisms for declining demand for nursing home care during a recession.
IV. Conceptual Framework
Building on the evidence presented in the prior section, our conceptual framework considers both the supply of nursing by individuals and the demand for staffing by nursing homes, and how supply and demand will change during a recession. We start with labor F I G U R E 1 . Supply and demand of direct-care staff in nursing homes, with supply shift during a recession supply, then discuss labor demand, which derives in part from patient demand for healthcare services. The conceptual framework leads to testable predictions with more nuance than in the prior literature.
Starting with labor supply, as in the prior literature, we expect the supply of nurses and nurse aides to increase during a recession. Thus, during a recession nursing homes will face a labor supply curve that shifts outward. Ceteris paribus, during a recession nursing homes would be expected to hire more direct-care staff, pay lower wages, or both. Figure  1 presents stylized pictures of labor supply and demand in nursing homes for each type of direct-care worker, with the expected outward shift in labor supply during a recession. Nursing home demand for each type of staff is as described in Section II: regulations require a minimum number of RNs but, beyond meeting those regulations, RNs are used sparingly because of the high cost. Nursing homes demand LPNs for most other tasks requiring a licensed nurse. Finally, demand is higher for nurse aides, who are the lowest paid and provide the most direct-care hours, than for licensed nurses. The supply curves are shaped differently for different types of nurse staffing. RNs, having invested more time in training, would be expected to have less elastic supply than LPNs and aides. Therefore, the supply curve for RNs is steeper than for LPNs and nurse aides. Consistent with the prior literature discussed in the previous section, the outward shift in supply during a recession is larger for LPNs and nurse aides than for the higher-paid and more educated RNs.
F I G U R E 2 . Demand for nursing home care with shift during a recession
On the demand side, however, health-care providers face additional consequences of a recession because of shifts in the demand for services. In a recession, demand by nursing home residents will likely decline, especially for those who pay out of pocket (we test this later in the paper). The decline in demand among private-pay residents derives from several mechanisms, consistent with suggestive empirical evidence. First, although the elderly are less affected than working-age adults by shocks to income and employment, they are potentially more affected than other groups by shocks to wealth, lowering demand for private-pay stays. Second, during a recession the opportunity cost of informal care decreases as adult children work fewer hours. Therefore, during a recession more elderly should substitute informal care for formal nursing home care.
The change in demand from Medicaid residents during a recession is more ambiguous than in the private-pay case. The fraction of Medicaid residents may increase because more people will qualify for Medicaid as declining wealth makes it easier to meet Medicaid's asset tests. However, demand by Medicaid residents could also decrease due to greater availability of informal care, similar to the private-pay case. The direction of the net effect is uncertain. Figure 2 depicts the shift in demand for nursing home care that might be expected in a recession, using a traditional Scanlon (1980) and Nyman (1985) two-payer framework (see also Norton 2000) . A nursing home faces a downward-sloping demand curve from private-pay residents but a flat demand curve from Medicaid residents because of administratively set prices by Medicaid. The Medicaid price is lower than the private-pay price.
The private-pay price is set to maximize private-pay revenues, and private-pay residents are accepted up to the point where marginal private-pay revenues equal the Medicaid rate. After that, Medicaid residents are accepted. In a recession, for the reasons outlined above, demand from private-pay residents shifts to the left, resulting in fewer private-pay residents and a lower private-pay price. If demand among Medicaid recipients increases or even stays the same, the number of Medicaid residents may increase because of greater availability of beds when private-pay demand declines. Although the ultimate effect on payer mix and the total number of residents is ambiguous, we unambiguously expect lower nursing home revenues during a recession, whether through lower price, more disadvantageous payer mix, or both.
We intentionally ignore Medicare-funded nursing home care in this simple framework, but the addition of Medicare would not affect our predictions. Eligibility for Medicare is universal after age 65, so that eligibility is unrelated to the economy, and demand for Medicare-funded post-acute care is fairly unresponsive to the macroeconomy (Levine and Buntin 2013) . Besides, private-pay and Medicaid residents make up the vast majority of residents.
When the supply curve for nurses and nurse aides shifts out during a recession, nursing homes may be able to hire more staff at potentially lower wages. While the issue of sticky wages creates some uncertainty about whether wages will fall for nurses employed in nursing homes, it does not affect the prediction that the total supply of nurses available to nursing homes should increase during a recession, especially for LPNs and aides. Unfortunately, without data on wage rates, we cannot directly observe whether a change in wage rates is a specific mechanism for changes in the demand for nurses. Nonetheless, we can still comment on the outcomes of interest-that is, net direct-care staffing levels.
We would not expect a uniform increase in all types of staff or in all types of nursing homes. Because private-pay demand is likely to decrease in a recession, lowering the fraction of residents in a typical nursing home who can be charged a market price, the fraction of residents whose demand is sensitive to changes in quality decreases and the overall elasticity of demand for quality could change (Nyman 1985; Grabowksi 2001) . This means that nursing homes can shift resources from RNs to lower-cost LPNs and aides without resulting in further risk to demand. At the same time, the shift to lower-cost staff is consistent with the expected greater availability of lower-cost LPNs and nurse aides during a recession. Thus, in addition to an increase in staffing, our framework leads us to expect a shift from RNs to lower-cost staffing in a recession.
Beyond these overall hypotheses, our framework also leads us to expect heterogeneity by nursing home type. First, the overall expected shift in staffing composition does not apply to small nursing homes, which face binding regulatory constraints on the minimum number of RNs. Small nursing homes will typically be at the minimum threshold for RNs and therefore have no ability to substitute away from RNs to LPNs and aides. Therefore we expect a larger response from larger nursing homes, specifically those with more than 60 beds. Second, similarly, we expect nursing homes with a high staffing ratio to have more flexibility, in terms of not being near regulatory minimums. Therefore, nursing homes with high staffing ratios should be more responsive to changes in the economy than nursing homes with low staffing ratios. Third, the mechanisms we have discussed all relate to profit maximization given changes in the supply of the most costly input to nursing home care. For-profit nursing homes should be more responsive to these financial changes than nonprofit nursing homes that may care more about other factors, such as quality of care (Newhouse 1970; Sloan 2001) .
In summary, our conceptual framework has four testable hypotheses. First, as unemployment rises, nursing home revenues will decrease. Second, nursing homes will hire more nurses overall. Third, nursing homes will shift away from RNs to LPNs and aides. Fourth, this shift will be larger (1) in the largest nursing homes (those with more than 60 beds) and potentially zero in small nursing homes that are constrained by staffing regulations; (2) in nursing homes with higher staffing; and (3) in for-profit nursing homes.
V. Empirical Strategy
We use a longitudinal nursing home fixed-effects strategy to examine how the local unemployment rate affects direct-care staffing levels and net revenue in nursing homes, using variation in the local unemployment rate across counties and over time to identify the effect. To analyze the effect of the unemployment rate on direct-care staffing, we estimate the following reduced-form ordinary least squares regression:
where our outcome of interest is the number of staff hours per resident day (Staff jmt ) for nursing home j, located in county m, in year t. We control for time fixed-effects τ t and nursing home fixed-effects γ j . In some models we stratify by nursing home characteristics. The error term is ε. We consider staffing hours separately for RNs, LPNs, and aides, and a facility's total staff hours across all three staff types. We also consider the ratio of RN hours to total staff hours as an outcome, for a total of five staffing-related outcomes and regressions. Finally, to test our primary demand-driven mechanism for any observed changes in staffing during a recession, we reestimate equation 1 replacing net revenues for staffing levels as the dependent variable. In all specifications, standard errors are clustered at the facility level. Stevens et al. (2015) find that an increase in unemployment leads to an increase in nursing home staffing, meaning that β > 0. Following from our conceptual model, we hypothesize a more nuanced view that β will be positive for some, but not all, types of direct-care nursing home staff. We also explore whether there are heterogeneous effects of unemployment rates by facility characteristics. We test whether there are different effects by facility size (number of beds), staffing level, and profit status.
Specifically, our testable hypotheses from the conceptual framework are the following:
1. In a model to predict nursing home net revenues, β < 0.
2. In a model to predict overall nurse staffing in nursing homes, β > 0.
3. In a model to predict RN staffing in nursing homes, β < 0, but in models to predict LPN and nurse aide staffing, β > 0.
4. When stratified by nursing home size, staffing, and profit status, the results for hypothesis 3 will be larger for nursing homes that are large, have high staffing, and are for-profit.
The facility fixed effects account for any facility time-invariant unobservable (and observable) factors that affect the outcomes of interest. They also subsume county fixed effects. The inclusion of year fixed effects in the above specifications allows us to control for any systematic trends in staffing or revenue that affect all nursing homes. This is a conservative approach, as it controls for secular trends affecting the nursing supply or health-care demand, but in doing so, it does not allow us to exploit the large increase in unemployment during the 2008-09 recession. Thus, identification relies on the extent to which trends over time in unemployment vary from county to county, and the corresponding within-facility variation in our outcomes. We test the robustness of this specification by replacing year fixed effects with county-specific trends and, in a national sample, state-specific trends and state-time dummies. In a final robustness check, we weight each regression by the bed size of each nursing home to assess whether underweighting large facilities in facility-level regression affects the results.
VI. Data
This study uses secondary data sets from multiple sources. For the main analysis, we obtain data on staffing and organizational characteristics in California nursing homes from the annual data files from California's Office of Statewide Health Planning and Development (OSHPD). We collect county-level unemployment rates from the Area Health Resources File.
We restrict our main analysis to California nursing homes because of concerns of biased overreporting among nursing homes nationally in the Centers for Medicare and Medicaid Services (CMS) Online Survey, Certification, and Reporting (OSCAR) database. OSHPD data are rigorously audited by the state of California. In our comparisons with OSCAR, nursing home-year level staffing estimates are substantially lower in OSHPD (tables of comparisons are available upon request), and our estimates of staffing levels from OSHPD are consistent with prior work (Kim et al. 2009 ). We use OSCAR data to conduct a sensitivity analysis of our main findings in a national sample of nursing homes.
A. S T U D Y S A M P L E
Our sample of California nursing homes comprises nongovernmental skilled-or intermediate-care nursing homes from 2005 to 2012. The California minimum nurse staffing regulations were implemented before our study period begins. The initial sample includes 9,081 unique observations from 1,172 nursing homes. We exclude nursing homes that are neither skilled nursing nor intermediate care (n = 113). We also exclude nursing homes that are less likely to make staffing decisions independent of the entity that owned them: hospital-owned (n = 8) and government-owned nursing homes (n = 2). To eliminate outliers that are most likely due to data errors, we also exclude nursing homes with more than 12 total nurse hours per patient day (n = 3), and those with no reported RNs in nursing homes greater than 60 beds (n = 2) (Park and Stearns 2009 For the sensitivity analyses, we created a national sample of nursing homes using OSCAR data and followed the same conventions used to create the sample of California nursing homes. The final sample of national nursing homes includes 95,068 unique observations from 7,637 nursing homes from 2005 to 2012.
B. D E P E N D E N T VA R I A B L E S
We examine two sets of outcome measures-facilities' direct-care staffing levels and revenues (see Table 1 ). Facility direct-care staffing is measured in minutes per resident day (PRD), and categorized by the types of staff: RNs, LPNs, aides, total direct-care staff (the sum of RN, LPN, and aide hours), and skill mix (the ratio of RN hours to total direct-care staff hours). Our measure of net revenues is a facility's total net health-care revenue (the sum of the net routine services revenue, net ancillary services revenue, and other operating revenue from providing health-care services to residents).
C. U N E M P LO Y M E N T VA R I A B L E
The explanatory variable of interest is the county-level unemployment rate. Unemployment rates are measured annually using data obtained from the Area Health Resources File. In each study year, the unemployment rate is reported among individuals 16 years and older. This definition has been widely used in the health services literature (Maeda et al. 2014 ). The average county-level unemployment rate in California during the study period was 8.9 percent, and ranged from 2.2 percent to 29.9 percent over the study period (see Figure 3) . The average national county-level unemployment rate was 7.0 percent, and ranged from 1.7 percent to 29.7 percent. The typical within-county fluctuation across the eight years was 19.8 percent in California and 16.1 percent nationally. We rely on this variation within county over time to identify the effect of economic booms and busts on the outcomes. The unemployment rate thus serves as a proxy for the effects of these macroeconomic trends, where the mechanism of effect may be unemployment itself or, for example, wealth shocks to the elderly that affect spending on nursing home care. We note that nursing homes in each county in California employ at most about 2 percent of employed individuals in the county, so there is no concern of monopsony behavior biasing our estimates.
D. O T H E R VA R I A B L E S
To test the fourth hypothesis, we stratified the regression models by the following facility characteristics: size, total nurse staffing level, and profit status (see Table 1 ). We classified facilities into two groups according to their size defined by the number of beds: small (ࣘ60 beds) and large (>60 beds). The threshold of 60 beds is based on thresholds used in both federal and California state staffing regulations. Specifically, all nursing homes are required to have one RN serving as the full-time director of nursing; however, if nursing homes have 60 beds or fewer, the director of nursing may also serve as the charge nurse. Otherwise, the positions must be performed by separate individuals (Harrington 2010 Notes: PRD = per resident day. Small size is defined by nursing homes with ࣘ60 beds; large size is defined by nursing homes with >60 beds. Low staffing is defined by a mean total nurse staffing less than or equal to the mean of total nurse staffing across all nursing homes; mean total staffing within low-staffing nursing homes is 200.4. High staffing is defined by a mean total nurse staffing greater than the mean of total nurse staffing across all nursing homes; mean total staffing within high-staffing nursing homes is 240.7. Mean net revenue is reported in thousands of dollars.
Therefore, there is a natural cutoff of 60 beds based on both federal and state policy in terms of staffing regulations. Similarly, we classified direct-care staffing levels into two groups defined as low (ࣘmean total staffing in all nursing homes) and high (>mean total staffing in all nursing homes). Profit status was either for-profit or nonprofit.
F I G U R E 3 . Percentage unemployment over time in California and nationally
Note: Mean and standard deviation of county-level percentage unemployment in California and nationally.
VII. Results
For California nursing homes, an increase in unemployment led to an increase in the staffing level of LPNs, a decrease in RNs, and no change in aides or total direct-care staffing levels (see the first column of Table 2 for unstratified results). A 1 percentage point increase in the unemployment rate was associated with a decrease in RN minutes per resident day (PRD) of 0.57 and an increase in LPN minutes PRD of 0.77. In relative terms, this translates into a 2.8 percent decline in RN staffing and a 1.7 percent increase in LPN staffing. There was no statistically significant effect of the unemployment rate on the ratio of RN to total hours. When stratifying by nursing home characteristics, we also find results that are generally consistent with the predictions from the conceptual framework (see second through seventh columns of Table 2 ). Our hypothesis was that any effect on staffing would be greater in nursing homes with more beds, and we found exactly that. The coefficients on RNs and LPNs were larger in absolute magnitude for larger nursing homes than for small nursing homes and statistically significant at conventional levels. Similarly, the coefficients on nursing homes with high staffing ratios were also much larger in absolute magnitude than for low-staffing nursing homes and statistically significant. In fact, the magnitudes were roughly twice as large for high-staffing nursing homes as for the overall effect. However, the effect on LPNs was statistically significant for low-staffing nursing homes, but only one-third as large in magnitude. Combined, these results imply that the effect of unemployment on nurse staffing is driven predominantly by nursing homes with many beds or with high staffing ratios, that is, those that have more flexibility in adjusting their staffing. In addition, there seems to be approximately a one-for-one trade-off between RNs and LPNs, with more LPNs when unemployment rises. Finally, the results for for-profit nursing homes are also consistent with the conceptual framework, with forprofit nursing homes significantly increasing LPN staffing during recessions, and with a magnitude larger than non-profit nursing homes. In sum, the empirical results are in accord with the hypotheses generated from the conceptual framework. Consistent with the hypothesized effect of recessions on demand for nursing home care, we also estimate declines in net revenue among California nursing homes during recessions (see Table 3 ). We find that a 1 percentage point increase in unemployment was associated with a decrease in net revenue of over $114,000, a relative decline of 1.7 percent. Similar to the results of recession on staffing, we also find that an increase in unemployment is associated with a larger decline in revenue for large nursing homes, nursing homes with low staffing, and for-profit nursing homes. Finally, because prior estimates of the effect of changes in unemployment rates on nurse and aide staffing levels in nursing homes have been positive (Stevens et al. 2015) , we estimate a number of alternative specifications to try to recreate prior results (see Table  4 ) in a national sample of nursing homes using the OSCAR database. To do so, we focus on the two types of nurse staffing examined by Stevens (nurses, or the combination of RNs and LPNs, and aides) as well as RNs and LPNs seperately. In various specifications we add a set of control variables (population demographics and number of nursing home beds) plus alternative controls for time (state-specific time trends, state-year dummies, and countyspecific time trends) with and without taking the log of the dependent variable. In these specifications our estimates remain close to zero and insignificant.
A. S E N S I T I V I T Y A N A LY S E S
We perform a number of tests of the robustness of our results. First, we weight each regression by the bed size of each California nursing home to assess whether underweighting large facilities in facility-level regression affects the results (see Online Appendix Table  A1 , http://www.mitpressjournals.org/doi/suppl/10.1162/ajhe_a_00110). Results from this specification are qualitatively similar to the main results. Second, we reestimate the relationship between unemployment in all nursing homes nationally, using OSCAR data (see Online Appendix Table A2 ). We find similar results to our California results among the total sample, large nursing homes, nursing homes with low staffing levels, and for-profit nursing homes, though the magnitude and statistical significance differ somewhat. This gives us more confidence that our results from California generalize to the entire country, despite concerns about the national data. Finally, we reestimate the main regressions using alterative controls for time (see Online Appendix Table A3 ). We find similar results for California nursing homes, with estimates in the same direction and most not statistically significant. In the national sample of nursing homes, the effect of unemployment on RN staffing becomes negative and marginally significant with state-specific time trends, a consistent result with the California sample.
VIII. Conclusions
The macroeconomy has a strong influence on nurse staffing in nursing homes. We find that when the unemployment rate increases, nursing homes substitute LPNs for RNs. Furthermore, the results are stronger in both magnitude and statistical significance for nursing homes that are larger, have a higher staffing ratio, and are for-profit. However, the overall staffing level is not affected by the unemployment rate, nor is the number of nurses aides. Our empirical results are consistent with our conceptual framework that incorporates both demand-and supply-side shifts during a recession.
Our results also identify a plausible economic mechanism for these changes in nurse staffing. During recessions, nursing home revenues decline. To reoptimize staffing under reduced revenues, nursing homes shift to less expensive nurses, but this is only possible for nursing homes large enough to be above minimum staffing levels required by regulations.
We find a different, more complex pattern than the one reported by Stevens et al. (2015) . Unlike them, we find no significant increase in total employment in nursing homes when the unemployment rate rises. A key difference might explain why our results are not the same-we measure staffing as a ratio of nursing time (e.g., minutes) per resident day, whereas the study by Stevens et al. measures staffing as the number of nurses. The approach in Stevens et al. could overstate true employment levels, particularly if there is an increase in the use of part-time workers during a recession.
Our findings should be viewed with respect to several limitations. First, to control for secular trends that may be collinear with recession, our primary specification does not capitalize fully on the increase in unemployment during the recession starting in 2008, the most dramatic change during our study period. Rather, our identification depends on variation in county-specific changes in unemployment, as some counties were affected more than others. However, alternative specifcations that do not include time fixed effects are consistent with our main specification. Second, our data on staffing allow us only to examine staffing type and staffing ratios, not the quality or tenure of staff within type. Thus, if facilities shift from highly experienced RNs to less experienced RNs at lower wages, our analysis will not be able to detect it. Third, although we would ideally control for nurses' marital status, the data do not have this information, which would in principle allow for a direct test of the added-worker effect. Furthermore, Auerbach, Buerhaus, and Staiger (2015) found that RNs with an associate degree are increasingly employed in long-term care, while RNs with a bachelor's degree are increasingly employed in hospitals. Finally, because we do not observe private-pay prices, we focus on total revenues and are unable to parse out the exact mechanisms behind declining revenues in a recession.
Nonetheless, our findings have several important implications. First, they show that it is important to consider changes in demand for health-care services when assessing the effect of macroeconomic cycles on health-care staffing. In the presence of changes in patient demand, the net effect of a shift in nursing supply becomes theoretically ambiguous, and we show that revenues are affected by economic booms and busts. Second, many nursing homes respond to changes in the macroeconomy by adjusting their mix of RNs and LPNs, but those that are larger, have higher staffing ratios, and are for-profit are the most responsive. Regulations and administratively set payment rates for nursing home care should potentially consider the state of the economy and the nurse labor market if minimum RN staffing is to be required. At the same time, policymakers may want to take a closer look at the scope of practice between RNs and LPNs in nursing homes to assess the extent of substitutability desired or allowed in order for nursing homes to meet minimum quality standards. Finally, we show evidence that the market for nurses in nursing homes is somewhat sensitive to the macroeconomy. Whether these changes in staffing affect morbidity and mortality is a question that should be pursued further.
